Lithium Valley Commission Meeting

July 29, 2021
-]



{2). Steps to Select English Channel

1) Click nlnter

2) Click g’
® English
@Spanish
Mute Oniginal Audio
3) Cli1 ck n



Interpretacion
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Interpreting on Tablet/Smartphone
Interpretacion usando tableta o teléfono Inteligente

Para escuchar en espanol,
use los controles para:

1) Tener mas opciones

2) Hacer clic
en interpretacion

To listen in Spanish, use controls
to:

1) Tap for more options
2) Tap interpretation

Language Interpretation Lone 3 ESCO er el |d|0ma
3) Tap preferred language ) prefe%do
4) Tap "Mute Original Audio" [KEEEEEE 4) Hacer clic en "Mute
gghch Original Audio”

Chiness

Nota: Para usar la opcidn
de interpretacion,
descargue la aplicacion
Z0o0om en su aparato.4

Spanish

Note: To use interpretation Cihaasied
feature, download Zoom
application on your device.

Mute Onginad Audio




Welcome o Administrative Iltems

AMeeting conducted remotely via Zool
ARecorded and transcribed by cour't

ATo participate in public comment é
ABy computer : use the nNnraise hando
AOver the telephone: dial *9 to fir
mute/unmutey our phone |1 ne

AWr i tten comment s
A Submit through the e-commenting system at:

A


https://efiling.energy.ca.gov/Ecomment/Ecomment.aspx?docketnumber=20-LITHIUM-01

Welcome and Roll Call



Agenda

AWelcome and Roll Call
A Administrative Iltems

o Approval of June 24, 2021 Action Minutes
A Information Items

0 Media and Legislation Updates

0 Lithium Valley Commissioner Updates

A Lithium Extraction Methods

o Overview
o Lithium Extraction Methods Presentation
o Lithium Resource Panel

A Determination of Agenda Topics, Speakers, and Presentation for Future
Meetings

A Public Comment

A Adjourn



Administrative ltems

AApproval of Past Meeting Action Minutes



Public Comment

Comment Instructions:

Limited to 3 minutes per
comment

By computerus e t he n
hando feature 1in

By telephone:d i al *9 ot
hando and *6 to
mute/unmutey our phone 1|1 ne



Media and Legislation Updates
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Lithium Extraction Methods
Workshop
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California
Energy Commission

N

RD&D on Lithium Recovery from
Geothermal

Energy Research and Development Division

Rizaldo Aldas
Energy Generation Research Office



" Geothermal and Advancing Economics through Mineral Recovery

A Develop Advanced Technologies and Strategies to Improve the Cost
Effectiveness of Geothermal Energy Production

U Subsurface Imaging
U Distributed Generation Geothermal

U Managing silica
A Investigate Flexible Generation Capabilities
U Computer Modeling
U Field Testing
A Enabling cost -effective Mineral Recovery

U Improving technology and processes for lithium recovery
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Research (PIER) Program

Examples of Completed Mineral Recovery R&D Projects:
A Co-Production of Silica from Geothermal Fluids (LLNL, 20022005)
Pilot-Scale Geothermal Silica Recovery at Mammoth Lakes (LLNL, 2065008)

A

A Proof-of-Concept of Co-Production of Electrical Power and Lithium from Geothermal Fluids
(Paula Moon & Associates, 20162011)

A

Technologies for extracting valuable metals and compounds from geothermal fluids ( Simbol, Inc.
2011-2014)

Simbol Mineral Recovery Project

Flash Steam Power Plant

U Demonstrated the key steps to produce lithium
U Planned commercial plant with a lithium production of
15,000 metric tons per year
im0 Critical lessons learned from the technology and busin
aspects

Concept of mineral extraction plant utilizing post -power
production, pre -injection geothermal brine



Geothermal Grant & Loan Program - Lithium Recovery Project

Well to Wheels Lithium Design (EnergySourceMinerals, LLC)

A Developed a robust engineering package for a facility
that will extract lithium and mineral co -products from

geothermal brines

0 Using processes and equipment from the water
treatment, metal processing and chemical

processing industries.
0 Accurately estimated installed project costs

ES Minerals Pllot Unlt Existing Geothermal Power Operations \\‘ New Lithium Operations
. . Licl e .. Battery
Production Power Impurity | solu ion [ Purification & ~
. —> > ILIAD > . Spec
Wells Generation Removal Crystallization
Product
- L Metal
Recovery
Injection |\
- \ Brine (primarily
We“S \ ‘\‘ Na/K/Ca Chloride)

Simplified becess Flow Diagram 16




| ‘ RD&D on Lithium Recovery from Geothermal o EPIC Program

A. Improving Process and Technology for Lithium Recovery

A Systems or subsystems enabling recovery of lithium from geothermal brine on a pilot
scale.

U Achieve an estimated production cost of less than $5,000/metric ton of lithium
carbonate equivalent.

U Demonstrate the potential for a payback period of less than 5 years.

B. Deployment and Demonstration of Lithium Recovery from Geothermal Brines
A Demonstrate entire systems enabling recovery of lithium from geothermal brine on a
large scale.
U Field demonstration, scaled up to at least one-tenth of commercial scale.

U Achieve an estimated production cost of less than $4,000/metric ton of lithium
carbonate equivalent.

0 Demonstrate the potential for a payback period of less than 5 years.
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A), Improving Process and Technology for Lithium Recovery

EEEEEEEEEEEEEEEEE

Hel | 60s Kitchen Geot her ma l(Hells Kitchem Geothetnalt) r act i o

A Integrate multiple brine pretreatment processesto
demonstrate a system for completely preparing geothermal

. . . . Geothermal Brine
brine for lithium extraction

Zinc Sulfide Concentrate

HKG >

0] Management and preC|p|tat|On Of Iead, SI|VeI’, Z|nC, II’Oﬂ, - Eraiggztgznzln Mn, Fe) Iron and Manganese Hydroxide Concentrate

Reagents

manganese, and silica. lF Lo

o Demonstrate on flowing geothermal brine at 5 gal/min
Diagram of integrated pretreatment process

Improved Silica Removal for Enhanced Geothermal Plant Performance (Hell's
Kitchen Geothermal )

A Develop and demonstrate a fundamentally new and
Innovative method for managing silica in geothermal
operations

o Carefully positioned staggered/offset posts of
Geothermal Micropillar Enabled Separators
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Improving Process and Technology for Lithium Recovery

Pilot Scale Recovery of Lithium from Geothermal Brines (Materials Research)

A Demonstrate a pilot scale integrated process for the recovery of lithium from geothermal brines
o High-capacity selective solid sorbent developed by SRI International

Brine with Lithium
Lithium Carbon  Bjcarbonate

-
D Pre e - S

T T Lithium Extraction Polishing / Preciokation

== ol Sorption/Desorption Concentrating IR

L

Geothermal ‘ ’

Spent Brine Water

P

Sl

C

Lithium Carbonate ®Hydrous manganese oxide
(HMO) nanoparticles

© Li-Imprinted polymer site

Lithium recovery process schematic

Recovery of Lithium from Geothermal Brines  (SRI International)

A New high-capacity selective composite sorbent comprised of inorganic lithium -ion sieves
and lithium -ion-imprinted polymers

A New eco-friendly sorbent regeneration process




0,
%,

Deployment and Demonstration of Lithium Recovery from
Geothermal Brines

Salton Sea Geothermal Lithium Recovery Demonstration Project
(BHER Minerals)

A An integrated geothermal brine pre -treatment and
lithium recovery system at an existing geothermal
power facility

0 Brine processing rate of at least 100 gallons per
minute

o Estimated production cost of less than
$4,000/metric ton of lithium carbonate equivalent;

o Minimize environmental impacts; freshwater usage
below 50,000 gallons pertonne of lithium
carbonate

o Lithium recovery of >85% from raw brine to high -
purity lithium carbonate

The demonstration system at a geothermal power plant in
CalipatriaCalifornia 20



Draft Initiative RD&D Areas

A Advancing mineral recovery technology and processes

U Lithium extraction methods with improved performance and
longevity and lower costs

U Technologies and methods for the recovery of other valuable co-
products

U Decrease waste products and improve the overall value proposition

A Large-scale demonstrations of mineral recovery systems

U Prove increased performance and lower costs in reatworld
applications
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v Lithium Recovery RD&D Initiatives for EPIC 4

y
GGGGGGGGGGGGGGGGG

A Electric Program Investment Charge 2021 -2025 Investment Plan
Scoping d Draft Initiatives for EPIC 4
Date: August 4, 2021

Time: 9:00 AM

Additional detalils: https://www.energy.ca.qgov/event/workshop/2021 -08/electric-
program -investment-charge-2021-2025-investment-plan-scoping-draft

To stay involved in EPIC 4, visitvww.energy.ca.gov/epic4

Pl ease usceo nOte@id@si neg system to submit wr
https://efiling.energy.ca.gov/Ecomment/Ecomment.aspx?docketnumber=20-EPIC

01

See notice forema i | and U. S. Ma i | commenting I
https://efiling.energy.ca.gov/getdocument.aspx?tn=238093
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Direct Lithium Extraction
Technology Development:
The Global Perspective
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